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Abstract 
Poly(L-lactic acid) (PLLA) is well known as biodegradable polymer and it is used in many applications since its strength and 
modulus are comparable with another commercial polymers. However, PLLA exhibits brittle fracture, thus blending of PLLA with 
other polymer is carried out to improve the toughness of PLLA. In addition, Kenaf fiber is a natural fiber which commonly been 
used to reinforce the biodegradable composites. However, uses of biodegradable composites is limited in some applications for 
example appliances, textile, and fabric applications due to low compatibility, low thermal stability at blending temperature and 
flammability. Therefore, addition of flame retardant filler in PLLA-PLA microsphere/KF composite is to prevent or slow down the 
ignition of composites which are used in many application such as consumer applications and appliances. A phosphorus-based 
non-halogenated flame retardant or trade name of NP-100 is used in this study to reduce the flammability of the biocomposites. 
Generally, this flame retardant filler will react with hydrogen and form water, and reduces the rate of combustion. The dielectric 
breakdown strength of PLLA-PLA microsphere/KF/NP-100 composites at 0, 2 and 4 wt% of NP-100 loading was investigated in 
this study. It was observed that addition of NP-100 loading at 2 and 4 wt% in composites improved dielectric breakdown strength 
from 21.09 kV/mm to 23.71 kV/mm and 21.60 kV/mm, respectively. 
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Nomenclature 
wt% weight percent  
kV/mm  kilovolt/millimetre 
β failure rate 
α scale or spread of data distribution 
1. Introduction 
Poly(L-lactic acid) (PLLA) is a thermoplastic produced from the renewable resources, one type of biodegradable 
polymer which mostly used for bioplastics. PLLA is used in many applications such as biomedical and automobile 
applications due to its properties i.e. good mechanical properties, thermal stability, biocompatibility and low toxicity. 
However, PLLA is brittle and rigid with very low elongation at break1-3. Natural fibers are ecofriendly alternatives for 
conventional fibers. Addition of natural fiber in polymer can be considered as possible engineering materials due to 
advantages of natural fibers such as low densities, low cost and high specific modulus (modulus/specific gravity), but 
the mechanical properties of natural fibers are lower than synthetic fibers4-6. Kenaf fiber (KF) is mostly used for 
reinforcement of composites because it can grow under a wide range of weather condition which can harvest twice a 
year7-9. According to reinforcement of KF in biocomposites, KF offers the low cost, lightweight, renewability, 
degradability, and high specific properties such as stiffness, impact resistance10.  
Biocomposites are gaining popularity due to their biodegradability. However, they have main limitations for some 
applications such as low compatibility and flammability11, 12. Applications of natural fiber polymer composites for 
flame retardant applications have attracted attention from researchers due to the environmental friendly characteristic 
of the materials11, 13. Addition of halogen-free flame retardant filler with containing phosphorus/nitrogen in 
biocomposites exhibited low toxicity materials and does not generate additional quantities of smoke13, 14. The most 
common method used for adding flame retardant filler is blending flame retardant filler compound into composites 
during processing15. 
In this project, effect of addition of phosphorus-based non-halogenated flame retardant filler or trade name of NP-
100 in PLLA-PLA microsphere/KF composites with 2 wt,% and 4 wt% of NP-100 content was investigated. The 
flexural property, thermal stability, flammability and dielectric breakdown strength of the composites were observed 
and analyzed. Microstructure of PLLA-PLA microsphere/KF/NP-100 composites were observed by FE-SEM. 
2. Experimental 
2.1. Materials 
PLLA pellet (Lacty®#5000, Mw = 1.45 × 105, Mn = 0.75 × 105, PD = 1.93) were supplied by Toyota Motor Co.,Ltd. 
PLLA is a thermoplastic which derived from lactic acid. This PLLA indicates a glass transition (Tg) of around 60 °C, 
a crystallization temperature (Tc) of around 100 °C, and a melting point (Tm) of around 175 °C. PLA microsphere was 
fabricated by using emulsion solvent evaporation method16. Bast kenaf fibers (KF) were supplied by Forestry Research 
Institute Malaysia (FRIM). A phosphorus-based non-halogenated flame retardant filler or trade name of NP-100 was 
used in the study. NP-100 in white powder with particle size of 1.31 µm was supplied by Topchem Technology Co. 
Ltd, China. 
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2.2. Preparation of blends and specimens 
PLLA and PLA microsphere was blended at 92/8 blend ratio (based on wt%) by internal mixing machine at 180 
°C, 50 rpm for 10 minutes. Next, KF of 4 wt% was added into the internal mixing chamber and continuous blends for 
5 minutes. Addition of flame retardant filler (NP-100) was added and followed by continuous compounding process 
for 4 minutes. Then, PLLA-PLA microsphere/KF/NP-100 compounds were compressed using hot press machine at 
1500 psi, 180 °C for 2 minutes, followed by cooling process to form sheet specimens (150 mm × 125 mm × 2 mm). 
2.3. Characterizations 
The flexural test was carried out by an Instron universal machine model 3366 according to ASTM D 790. The 
support spans with length of 50 mm and crosshead speed of 1.344 mm/min were performed. Thermogravimetric 
analysis was carried out by using Perkin Elmer (Pyris 6 TGA) apparatus. Approximately 15-20 grams of specimens 
was placed in an aluminum pan and put into the chamber. The temperature was heated from 30 °C to 600 °C at heating 
rate of 10 °C/min under the nitrogen atmosphere. For flammability test, at least five specimens were performed by 
using Atlas model plastics HVUL according to UL-94 flame test. According to IEC 60243-1 standard, Dielectric 
breakdown strength was conducted by stainless steel plane-plane electrodes. A specimen with thickness 1 mm was 
placed between the electrodes and carried out under an incremental AC voltage rate of 500 volts/sec until electrical 
breakdown is occurred. The microstructures of specimen fractures surfaces were investigated by using scanning 
electron microscope Zeiss Supra™ 35 VP. 
 
3. Results and Discussion 
3.1. Flexural property 
Flexural properties of 2 and 4 wt% of NP-100 flame retardant filler filled PLLA-PLA microsphere/KF composite 
are illustrated in Fig 1. Flexural strength and flexural modulus of composites are distinctly decreased with increasing 
of NP-100 loading in the composites. Similar decreasing trend of flexural properties by addition of phosphorus flame 
retardant filler in PLA/Treated-KF composite was reported by Shukor et al.13. Unfilled composite (PLLA-PLA 
microsphere/KF) exhibits flexural strength and flexural modulus of 58.96 MPa and 3.58 GPa, respectively. Addition 
of NP-100 at 2 wt% reduced the flexural strength and flexural modulus to 29.94 MPa and 2.97 GPa, accordingly. In 
addition, decreasing of flexural strength and flexural modulus of composite with 4 wt% of NP-100 are 68% and 22%, 
respectively compared to unfilled composite. In manufacturing of polymer composites, voids are greatest problem 
because they are inevitable and non-uniformly distributed in the fiber reinforced polymer composites17, 18. Presence 
of voids in the composites significantly reduces the mechanical and physical properties of the composites18-20. 
According to most common cause of voids, matrix is incapable to displace all the air in between fibers during the 
matrix impregnation process19. The reduction in flexural properties in Fig. 1 might be due to void content and 
inhomogeneous distribution of KF and NP-100 filler in the matrix (as shown in Fig. 2). Moreover, addition of flame 
retardant filler might influence the interfacial adhesion between natural fiber and polymer matrix which reduce the 
mechanical properties of the composite21, 22.   
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Fig. 1. Flexural strength and flexural modulus of NP-100 flame retardant filler filled PLLA-PLA microsphere/KF composites 
 
  
Fig. 2. Morphologies of PLLA-PLA microsphere/KF composites with (a) 2 wt% and (b) 4 wt% of NP-100 loading (at 200x magnification)  
3.2. TGA analysis 
Thermal stability of PLLA/PLA microsphere/KF and PLLA-PLA microsphere/KF/NP-100 composite at 2 and 4 
wt% of NP-100 loading was investigated by using TGA. Details of weight loss decomposition temperatures at 5%, 
50%, 90% and char residue of the composite systems are shown in Table 1. PLLA-PLA microsphere/KF composite 
and PLLA-PLA microsphere/KF/NP-100 composites with 2 and 4 wt% of NP-100 loading present a single step of 
TGA thermogram and single peak DTG thermogram as shown in Fig. 3 (a) and (b), respectively. Commonly, addition 
of phosphorus flame retardant filler influences to the degradation mechanism of composite which starts to change 
from depolymerization to dehydration and leads to the decreasing of thermal stability23. Decreased thermal stability 
was observed in 4 wt% of NP-100 into composite compared to unfilled NP-100 composite, whereas composite with 
2 wt% of NP-100 loading exhibits higher thermal stability than those of unfilled and 4 wt% of NP-100 composites. 
The char residue in the system is slight similar with the percentage of less than 2%. 
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Table 1. Decomposition temperatures at 5%, 50%, 90% and char residue of weight losses on PLLA-PLA microsphere/KF/NP-100 composites. 
Composite NP-100 content (wt%) T5% (°C) T50% (°C) T90% (°C) Char residue (%) 
PLLA-PLA microsphere/KF 
0 262 307 332 1.48 
2 274 313 339 1.53 
4 255 299 349 1.65 
 
Fig. 3. (a) TGA; (b) DTG thermogram of PLLA-PLA microsphere/KF/NP-100 composites. 
3.3. Flammability property 
The UL-94 results of PLLA-PLA microsphere/KF/NP-100 composites at 0, 2 and 4 wt% of NP-100 loading are 
illustrated in Table 2. The burning rate of unfilled NP-100 composite could not identified since the burning drip was 
occurred during the testing. According to the previous works, PLA/natural fiber composites are not passed the 
requirement of UL-94 testing24, 25. Addition of NP-100 flame retardant filler in PLLA-PLA microsphere/KF composite 
results in an improvement on flammability property. Burning rate V-0 is observed on PLLA-PLA 
microsphere/KF/NP-100 composites at 2 and 4 wt% of NP-100 loading. This burning rate indicates good flammability 
property where the specimen stopped burning within 10 sec during the testing. In addition, there is no flaming drip of 
PLLA-PLA microsphere/KF/NP-100 composite occurred during the testing. Improvement in flammability properties 
is due to the phosphorus flame retardant filler which enhances the formation of char and reduce heat transfer from 
heat source to the composite by protect polymer from surround oxygen.26  
     Table 2. Characteristics of flammability property on PLLA-PLA microsphere/KF/NP-100 composites. 
Composite 
NP-100 content 
(wt%) 
UL-94 rating 
PLLA-PLA microsphere/KF 
0 No-rating 
2 V-0 
4 V-0 
 
3.4. Dielectric breakdown strength 
The dielectric breakdown strength is ability to determine the maximum voltage which can be applied to materials 
with prior dielectric breakdown failure27. Dielectric breakdown properties of unfilled NP-100 composite, PLLA-PLA 
microsphere/KF/NP-100 composites at 2 and 4 wt% of NP-100 loading are analyzed by Weibull distribution as 
illustrated in Fig. 4. In reliability theory, Weibull distribution is a method to analyze the data sets such as failure data, 
maintenance data and life of products due to it is easy to calculate, important and sufficient to describe physical life 
processes28. Parameters of Weibull distribution such as Weibull shape parameter (β) and Weibull characteristic life 
 E. Netnapa et al. /  Procedia Chemistry  19 ( 2016 )  290 – 296 295
(α) are displayed in Table 3. In addition, β value indicates to the failure rate of the products and α value is measured 
the scale or spread of the data distribution29. Based on the failure probability at 63% of Weibull distribution, unfilled 
NP-100 composite exhibits the dielectric breakdown strength at 21.09 kV/mm. It was observed that the addition of 
NP-100 content at 2 and 4 wt% into PLLA-PLA microsphere/KF composite improved the dielectric breakdown 
properties compared to unfilled NP-100 composite as shown in Fig. 4. Composite with 2 wt% of NP-100 loading 
presents the highest dielectric breakdown strength at 23.71 kV/mm while 21.60 kV/mm is exhibited on the composite 
with 4 wt% of NP-100 loading. Increasing of dielectric breakdown strength of the composite might be due to 
phosphorus flame retardant filler which influences the reaction that taking place in the condensed phase30. 
     Table 3. Parameters of Weibull analysis on PLLA-PLA microsphere/KF/NP-100 composites. 
Composite 
NP-100 content 
(wt%) 
Weibull parameters 
Shape, β Scale, α 
PLLA-PLA microsphere/KF 
0 3.89 21.09 
2 8.27 23.71 
4 16.53 21.60 
 
 
Fig. 4. Weibull plots of PLLA-PLA microsphere/KF/NP-100 composites at 0, 2 and 4 wt% of flame retardant filler loading. 
 
4. Conclusion 
Addition of NP-100 flame retardant filler into the PLLA-PLA microsphere/KF composites improved the 
flammability and dielectric breakdown strength of the composites. Enhanced flammability properties are observed by 
adding of NP-100 into composites. In addition, composite with 2 wt% of NP-100 exhibits higher dielectric breakdown 
strength compared to unfilled NP-100 composite and 4 wt% of NP-100 in the composites. However, addition of flame 
retardant filler affects to the presence of void in the microstructure of composite, which leads to the decreasing of 
flexural strength and modulus of the composites. 
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